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basis that wind equipment in  current use does not  have 
sufficient accuracy reliably to  detect small-scale phe- 
nomena in the upper troposphere. The microscale feature 
of clear air turbulence has been found [8] by numerous 
jet aircraft  penetrations to have an average size of less 
than 50 mi. in length and less than 2000 ft. in  depth. 
In view of these considerations, it is believed more de- 
sirable to locate zones of turbulence with reference to a 
model rather  than  to unrepresentative wind data of 
questionable value. 

5. CONCLUSIONS 
Most of the extreme vertical wind shears computed 

from rawin data near the core of the  jet  stream  during 
August 1-2 showed little or no agreement with the  jet 
stream models, lacked continuity,  and appeared unrepre- 
sentative when compared to surrounding stations. When 
the  wind data were smoothed to remove the unrepresenta- 
tive features  and  the  vertical shears were averaged over 
a 20,000-ft. layer, a pattern emerged on the vertical 
wind shear chart  that indicated some prognostic value 
in planning wind forecasts for jet aircraft. A comparison 
of the  greatest  vertical wind shears computed directly 
from rawin data with those computed from the thermal 
wind equation  and those obtained from the smoothed 
wind profile is made  in  table 2. The largest average 
vertical  wind shears were compatible with the  jet  stream 
model and were located north of the  jet in conjunction 

with the strongest horizontal wind shears and  temperature 
gradient. Although some errors were undoubtedly in- 
troduced in the smoothing process, they were  considered 
insignificant in  the broadscale sense. 
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Correspondence 
(Continued from pagC398) 

divergence of the  actual flow is replaced by  that of the 
normal,  which presumably is in turn a reflection of the 
large-scale planetary influences mentioned earlier. 

Variants of this  method, based on recognition that  the 
second term on the  right of equation (3) is related  to the 
errors of the barotropic model, have been suggested by 
Berson [2] and Williams [3]. 

The relation to Wolff’s  model may be  seen if the basic 
current is defined to be the sum of the first three har- 
monics of the  actual flow pattern.  The analogy becomes 
more exact if the fictitious changes in  the  three harmonics 
are  removed at the end of each time-step. Perhaps some 
difference still remains due  to the  fact  that Wolff’s model 
permits the changes (or tendency) of the three harmonics 
to  be influenced by non-linear interaction with the shorter 
waves,  while this is not permitted when  using equation (3). 

A method very similar to  that of Wolff, but dealing 

with one-dimensional wave motions, is that proposed by 
Graham [4]. 

Another in this family is the present operational model 
of the Extended  Forecast Section, U. S. Weather Bureau, 
proposed by Namias [5]. Here  a “fictitious” wind (Vp) 
is defined by  the equation: 

vF=v-(vB-vB) (4) 

where V is the  actual wind, VB is the basic current at the 
same point and Vg is the  latitudinal average, or zonal 
component of the basic current for the  latitude of V. 
The predictive equation is then  obtained  by assuming 
that  the absolute vorticity of the fictitious current is 
conserved : 

”- “F- vp‘vqlp 
at (5 )  
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The close  correspondence  between equations (5 )  and 
(3) can be seen  by expanding them using the definition of 
the perturbation current (V*): 

V=V*+Vi3 (6) 

In this manner equations (3) and (5) become (7) and 
(8) respectively: 

It will be seen that these two equations are identical 
except that in equation (8) the zonal component of the 
basic current replaces its value at  a point. Physically, 
the difference appears to be related to  the  fact  that in  the 
Extended Forecast Section’s operational model the per- 
turbation is initially uncoupled from the basic current. 
This appears ta prevent any  important non-linear exchange 
of energy  between these two currents, while such an 
exchange is permitted using equation (3). 

The normal circulation was first used as the basic cur- 
rent in equation (4), but  later it was  decided to replace 
this with a large-scale  flow pattern more characteristic of 
the particular season during which the forecast is prepared. 
A monthly-mean chart, centered on forecast day, is now 
used for this purpose. Tests  indicate that this results in 
considerable improvement (Namias, to be published). 
Although the monthly-mean circulation evolves more 
rapidly than  the normal, this  apparently is more than 
compensated  by a reduction in  magnitude of the  perturba- 
tion  divergence. 

I t  must be clear that perturbation models such as those 
described above need not be derived solely  by using the 
approximate vorticity equation (1) .  For example, the 
writer is at  present working with one of several single- 
parameter models  where a direct estimate is made of the 
divergence associated with large-scale planetary waves. 
In this case, equation (1) cannot be used in  the  perturba- 
tion method, and at  least one more term  must be added, 
preferably  one  which  expresses  some unknown or difficult- 
to-measure property of the  actual flow. This unknown 
property is then replaced by  the corresponding known 
property of the basic current. 

It is believed that this procedure has  the  advantage  that 
the models are constrained to behave in a fashion cons&- 
ent  with the observed behavior of the general Circulation, 
because in essence the errors of any model are replaced by 
estimates based on experience. It is also felt thst this 
procedure may  lead to a better physical understanding of 
the circulation. In this connection it may be noted that 
the success of Wolff’s model,  which makes use of the ob- 
served stationary  character of long waves, stimulated the 
successful search for a new operational model  which con- 
tains  a more satisfactory physical basis for this charac- 
teristic [6]. This new  model is based on the theoretical 
work of Rossby [7]. Another important theoretical paper 
which treats  the special problem of planetary waves is 
that of Burger [8]. Perhaps a more general formulation 
of the empirical approach, together with these theoreticd 
studies, can lead to a practical solution of the preferred 
geographical locations and observed motions of the. long 
waves. 
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